INTRODUCTION
Columbella Lamarck, 1799 s.s. (type species Voluta mercatoria Linnaeus, 1758) is a genus of columbellid neogastropods (dove shells) including 17 recognised species, mostly from tropical America and the East Atlantic/Mediterranean (WoRMS: Bouchet & Gofas 2015) . Based on Moolenbeek & Hoenselaar (1991) , Oliverio (1995) , Rolán (2005) , and Rolán & Ryall (1999) , two species are currently recorded in the eastern Atlantic and the Mediterranean Sea: Columbella rustica (Linnaeus, 1758) , ranging over the entire Mediterranean Sea, and extending into the neighbouring Atlantic southward to Senegal, and northward to Portugal (it is absent in Galicia); and Columbella adansoni Menke, 1853, described from Cape Verde islands, and assumed to occur across Macaronesia, from the Azores to the Canary Islands, and along the West African coasts from Ghana to Angola (Oliverio 1995; Rolán & Ryall 1999; Rolán 2005) . Columbella rustica has a paucispiral protoconch, indicating nonplanktotrophic development (leci thotrophic, possibly entirely or mostly intracapsular), whereas Columbella adansoni has a multispiral protoconch, indicating planktotrophic larval development. This is the only consistent morphological diagnostic feature for the two species, which are otherwise quite variable in shell sculpture, colour and pattern. Preliminary to a study of the bearing of different larval developmental strategies on the genetic structure of populations (Modica et al. 2017) , we decided to assay samples of Columbella from the eastern Atlantic and the Mediterranean to test the currently accepted species boundaries by molecular data. Therefore, we examined specimens collected from localities spanning as much as possible the known range for the genus in the eastern Atlantic. As a result, a third species of Columbella was discovered.
MATERIAL AND METHODS
Sampling locality data ( Fig. 1) , Identification (ID) catalogue numbers of the vouchers, and GenBank accession numbers are reported in Table 1 . A total of 29 specimens from the East Atlantic and the Mediterranean were assayed. Specimens were sampled by SCUBA or snorkelling, and fixed in 95 to 100% ethanol. Vouchers are stored in the malacological collection at Department of Biology and Biotechnologies "Charles Darwin" ("La Sapienza" University of Rome) under BAU ID numbers and at Muséum national d'Histoire naturelle (Paris) under MNHN ID numbers. Genomic DNA was extracted using a proteinase K-phenol-chloroform protocol (Oliverio & Mariottini 2001) . The DNA-barcode fragment of the mitochondrial cytochrome c oxidase I (COI) and part of the 16S rRNA were amplified by PCR using the universal primers LCO1490 and HCO2198 (Folmer et al. 1994) and 16SA (Palumbi et al. 2002) and CGLeuUUR (Hayashi 2003) , respectively. For some crucial specimens from West Africa, fixed in alcohol but thereafter preserved dried, which were unsuccessfully assayed with the pair HCO2198-LCO1490, we employed HCO2198 with the primer mlCOIint-F (5'-GGWACWGGWTGAACWGT-WTAYCCYCC-3') designed to amplify a shorter fragment (c. 300 bp) and employed in metabarcoding works (Leray et al. 2013) . PCR amplifications were performed with the following conditions: initial denaturation of 5' at 94°C, 35 amplification cycles (30"/94°C, 40"/48-52°C, 50"/72°C), followed by a final phase of 7' at 72°C. PCR products were purified by ExoSAP-IT protocol (USB Corporation, Ohio, USA) and Sanger sequenced by Macrogen Inc. (The Netherlands). Forward and reverse sequences were assembled, checked for contamination and edited with Geneious 4.8.5 (Drummond et al. 2009 ).
SpecieS delimitation in columbellidae SwainSon, 1840
A total of 106 COI sequences from columbellid specimens ascribed to the genera Alia H. Adams & A. Adams, 1853, Amphissa H. Adams & A. Adams, 1853 , Euplica Dall, 1889 , Graphicomassa Iredale, 1929 , Indomitrella Oostingh, 1940 , Mitrella Risso, 1826 , Pyrene Röding, 1798 , Sulcomitrella Kuroda, Habe & Oyama, 1971 and Zafra A. Adams, 1860 (plus some labelled as "columbellid indet.") were either provided by Nicolas Puillandre (ID MNHN-IM) or were retrieved from the GenBank (see Table 4 ). Sequences from Cancellopollia sp. (Gastropoda, Buccinoidea, Buccinidae) (EU015666.1; voucher MNHN-IM-2009-17854) , and Pisania striata Duclos, 1840 (MNHN-IM-2009 , Gastropoda, Buccinoidea, Buccinidae) were retrieved from Genbank to be used as outgroups. COI sequences were manually aligned and checked for stop codons; 16S sequences were aligned using MAFFT 7 (Katoh et al. 2002) , using the Q-INS-i algorithm (Katoh & Toh 2008) , which accounts for secondary structures. Highly variable regions, resulting in gap-rich fragments with ambiguous alignment, were discarded using Gblocks 0.91b (Castresana 2000) . All alignments are available from the authors on request.
To define species, we used Automatic Barcode Gap Discovery (ABGD, available at http://wwwabi.snv.jussieu.fr/ public/abgd/), a distance-based method designed to detect the so-called "barcode gap" in the distribution of pairwise distances estimated in a COI alignment (Puillandre et al. 2012a, b) , and the criteria of divergence and reciprocal monophyly (Knowlton 2000; Wheeler & Meier 2000; Reid et al. 2006; Malaquias & Reid 2009 ). The COI sequence alignments were processed in ABGD (excluding the outgroups) using the Kimura-2-parameter (K2p) model and the following settings: a prior for the maximum value of intraspecific divergence between 0.001 and 0.1, 25 recursive steps within the primary partitions defined by the first estimated gap, and a gap width of 0.1.
We ran ABGD on the whole columbellid dataset of 136 COI sequences, to define partition scheme(s) based on distance distribution. Then, species hypotheses as derived from ABGD were tested against taxonomic recognition for the assayed specimens and for phylogenetic congruence. Phylogenetic analyses of the COI, 16S and combined sequence alignments were conducted using Maximum likelihood (ML: with 1000 bootstrap replicates) by PhyML3.0 (http://www. atgc-montpellier.fr/phyml/) and Bayesian inference (BI: four-chain Markov chain Monte Carlo (MCMC) analysis, run twice in parallel for 10 7 generations; trees sampled every 1000 generations, burn-in 2500) by MrBayes 3.2.3 on the XSEDE resources on CIPRES Science Gateway V.3.3 portal (https://www.phylo.org/), both with the HKY + I + G (Hasegawa et al. 1985) nucleotide substitution model, as selected by jModelTest2. Same analyses (ABGD, ML and BI) were performed on a reduced dataset including sequences from the eastern Atlantic specimens (including full length and shorter COI sequences), sequences from Columbella mercatoria (Linnaeus, 1758) 
RESULTS
For the eastern Atlantic/Mediterranean Columbella specimens, a total of 14 specimens from the Mediterranean, nine specimens from the Macaronesia, six specimens from Gabon, three from Ghana and one each from Angola and São Tomé, yielded full length 16S (723bp). Full length COI (658bp) were obtained from 14 specimens from the Mediterranean, nine specimens from Macaronesia, six specimens from Gabon; shorter COI sequences (288bp) were obtained from two specimens from Ghana and one specimen from Angola.
SpecieS delimitation in worldwide columbellidae
The 30 recursive steps in the ABGD analysis of the COI alignment converged toward a 46-species partition scheme, with the corresponding 46 species hypotheses largely congruent with the a priori morphological identification of the worldwide columbellid specimens included (Table 4) . Accordingly, the intraspecific genetic divergence estimated on the COI dataset ranged from 0 to 5%, the interspecific ones from 5 to 30% ( Fig. 2 : K2p matrices available from the authors). ML and BI phylogenetic analyses of the same dataset recovered all 25 species with multiple specimens as monophyletic with very high bootstrap (> 95%) and BI (> 0.99) support.
SpecieS delimitation in eaStern atlantic Columbella
The 658bp COI sequences of the eastern Atlantic/Mediterranean Columbella were split into three groups: 1) the Mediterranean specimens (corresponding to Columbella rustica); 2) the Macaronesian specimens (corresponding to C. adansoni); and 3) the specimens from Gabon. The pattern was exactly the same when the shorter sequences of specimens from Ghana and Angola were included. Intraspecific distance ranged 0-1.5% in C. adansoni, 0.2-3% in C. rustica, and 0.5-1.6% in the West African species (see Table 2 for K2p indices). The estimated genetic distance was 4% between C. rustica and C. adansoni, and 7% between the new West African species and the other two (Table 2) . All phylogenetic analyses (ML and BI) of the single gene (16S, COI: including shorter sequences) and of the combined datasets of the eastern Atlantic/Mediterranean Columbella retrieved the same topology, with the sequences corresponding to the species hypotheses of ABGD grouped as reciprocally monophyletic clades with high bootstrap values and posterior probabilities (ML bootstrap ≥ 96%, BI support ≥ 0.99: Figs 3-5) . In all trees, C. adansoni was restricted to the Macaronesian specimens, C. rustica to the Mediterranean specimens, and the African specimens comprised a third lineage. The pair including C. adansoni/C. rustica (ML bootstrap ≥ 98%, BI support ≥ 0.99) was the sister to the African species, which according to the phylogenetic patterns from COI and 16S, included samples from Ghana, São Tomé, Gabon and Angola. Autapomorphic (diagnostic) nucleotides were scored for each species by comparing their COI sequences and are reported in Table 3 diStribution. -According to the present data, Columbella rustica ranges throughout the entire Mediterranean Sea, and extends in the Atlantic South to Senegal, and North to Portugal.
diagnoSiS. -Shell of medium size for the family 12-20 mm long, biconic/strombiform. Protoconch of 1.5-1.6 smooth, convex whorls; protoconch-teleoconch boundary marked by a slightly opisthocline scar. Teleoconch of 7-9 almost straight-sided whorls, penultimate whorl slightly convex, body whorl rounded and inflated, about 2/3 to 3/4 shell length. Sculpture of nodulose axial ridges on the first whorls, fading after 2-3 whorls, and very weak, irregular spiral striae. Aperture narrow, elongate and sinuous. Outer lip angulate posteriorly in some, thickened, especially medially, with 13-16 denticles, and rust coloured markings between denticles. Columellar wall with two weak ridges medially; parietal wall with 5-7 denticles anteriorly, sometimes with rust coloured markings between. Siphonal canal open. Colour very variable, with white-whitish background and yellow, orange, brown, grey or black irregular spots, sometimes arranged into axial flames or sinuous bands. Periostracum thin, brown. Animal with whitish to yellowish background and tawny-orange spots, very dense on propodium, head and mantle; tip of cephalic tentacles white; siphon grey. Radula rachiglossate, with central tooth reduced to a slightly arched plate with no cusps. One pair of massive lateral teeth with a small, basal, outer cusp and a tall, sinuous inner primary cusp with three secondary cusps along the posterior edge: a narrow, pointed distal cusp, a flat central cusp slightly enlarged at the base, and a quadrangular and apically curved basal cusp. fig. 11 ) described samples from Central Senegal as 10-14 mm long, with paucispiral protoconch of 1.5-2 whorls, the animal milky white or cream with amber-brown speckles, which matches remarkably the appearance of Mediterranean samples.
As Protoconch of 2.5-2.6 convex whorls, entirely covered by densely spaced microgranules; embryonic shell (protoconch I) of 0.8-0.9 whorls, and larval shell (protoconch II) of 1.6-1.7 whorls; protoconch-teleoconch boundary marked by a sinusigera scar. Teleoconch of 7-9 almost straight-sided whorls, penultimate whorl slightly convex, body whorl rounded and inflated, about 2/3 to 3/4 shell length. Sculpture of nodulose axial ridges on the first whorls, fading after 2-3 whorls, and very weak, irregular spiral striae. Aperture narrow, elongate and sinuous. Outer lip angulate posteriorly in some, thickened, especially medially, with 13-16 denticles, and rust coloured markings between denticles. Columellar wall with two weak ridges medially; parietal wall with 5-7 denticles anteriorly, and rust coloured markings between. Siphonal canal open. Colour very variable, with white-whitish background and yellow, orange, brown, grey or black irregular spots, sometimes arranged into axial flames or sinuous bands. Periostracum thin, brown. Animal yellowish with tawny-orange spots, very dense on propodium, head and mantle; tip of cephalic tentacles white, siphon grey. Radula rachiglossate, with central tooth reduced to a slightly arched plate with no cusps. One pair of massive lateral teeth with a small, basal, outer cusp and a tall, sinuous inner primary cusp with three secondary cusps along the posterior edge: a narrow, pointed distal cusp, a flat central cusp slightly enlarged at the base, and a quadrangular and apically curved basal cusp.
remarkS Knudsen (1995) summarized his own (Knudsen 1950) and Gunnar Thorson's (unpublished) diStribution. -According to the material examined genetically herein, Columbella xiphitella ranges along West African coasts from Ghana to Angola, including São Tomé and Principe.
diagnoSiS. -Shell of medium size for the family, 10-18 mm long, biconic/strombiform. Protoconch of 2.5-2.6 convex whorls, entirely covered by densely spaced microgranules; embryonic shell (protoconch I) of 0.8 whorls, and larval shell (protoconch II) of 1.7 whorls; protoconch-teleoconch boundary marked by a sinusigera scar.
Teleoconch of 7-9 almost straight-sided whorls, penultimate whorl slightly convex, body whorl rounded and inflated, about 3/4 shell length. Sculpture of nodulose axial ridges on the first whorls, fading after 2-3 whorls, and very weak, irregular spiral striae. Aperture narrow, elongate and sinuous. Outer lip angulate posteriorly in some, thickened, especially medially, with 14-19 strong denticles, and rust coloured markings between denticles. Columellar wall with two weak ridges medially; parietal wall with 5-8 strong denticles anteriorly, usually with rust coloured markings between. Siphonal canal open. Colour very variable, with white-whitish background and yellow, orange, brown, grey or black irregular spots, sometimes arranged into axial flames or sinuous bands. Periostracum thin, brown. Animal observed only in alcohol preserved specimens: whitish background and dark brown to dark tawny spots, dense on propodium and head, very dense on mantle; tip of cephalic tentacles white, siphon dark grey. Radula rachiglossate, with central tooth reduced to a slightly arched plate with no cusps. One pair of massive lateral teeth with a small, basal, outer cusp and a tall, sinuous inner primary C. xiphitella differs from Columbella rustica by its multispiral protoconch (v. paucispiral in C. rustica). Morphological (including colour pattern) variation in the teleoconch of the three eastern Atlantic species (C. rustica, C. adansoni and C. xiphitella) largely overlaps with no evident diagnostic characters. All shells of C. xiphitella examined (including the type series) have strong dentition on columellar and outer lips, and very dark marks between the denticles, features only occasionally present in the other two species. However, the three species are unequivocally separated by molecular data from COI and 16S. 
DISCUSSION
The combined use of molecular data with morphological, geographical and ecological attributes is revealing a growing number of cases of hidden biodiversity in gastropods, often with virtually no morphological distinction in shell characters, among genetically well-separated species (e.g., Modica et al. 2013) . In the present case, the three species of Columbella detected in the eastern Atlantic and the Mediterranean are virtually indistinguishable by their teleoconch features, whereas they are neatly separated by genetic data. Two species were previously accepted after Moolenbeek & Hoenselaar (1991) , Oliverio (1995) and Rolán & Ryall (1999) : Columbella rustica Linnaeus, 1758, ranging through the entire Mediterranean Sea, and extending into the neighbouring Atlantic South to Senegal and Mauritania, and North to Portugal (it is absent in Galicia); and Columbella adansoni Menke, 1853, described from Cape Verde islands, and assumed to occur across Macaronesia, from the Azores to the Canary Islands, and along the West African coast from Mauritania to Angola (Oliverio 1995) .
Based on the present data, Columbella adansoni is restricted with certainty only to populations from Macaronesia. West African populations from Mauritania and Senegal North to Morocco (with paucispiral protoconch) are conservatively included in Columbella rustica pending genetic analysis; those from Ghana South to Angola belong to Columbella xiphitella (type locality corrected herein), while those from Mauritania to Ghana should also be assayed genetically, since C. adansoni and C. xiphitella (albeit clearly defined genetically) are indistinguishable morphologically.
As already highlighted by Moolenbeek & Hoenselaar (1991) and Oliverio (1995) , Columbella adansoni has a multispiral protoconch indicating planktotrophic larval development, whereas Columbella rustica has a paucispiral protoconch, indicating non-planktotrophic development. Columbella xiphitella, which is phylogenetically the sister to the other two species, has a multispiral protoconch (similar to Columbella adansoni), thus suggesting that the plesiomorphic state in this group was a planktotrophic larva, as is typical of most (if not all) caenogastropod lineages. This is also paralleled by Columbella moinensis deMaintenon, 2000, from the Pliocene to Pleistocene(?) of Costa Rica and Colombia, with planktotrophic development (and multispiral protoconch); this is a clear sibling of Columbella mercatoria (Pliocene to Recent, Caribbean) with lecithotrophic development (and a paucispiral protoconch) (deMaintenon 2000). Within columbellids, sibling species differing mainly or only in their larval development (and thus in their protoconch morphology) are known also in the genera Zafrona Iredale, 1916, Mitrella and Euplica.
The study of large geographic samples in the species involved herein may yield crucial data to analyse the genetic structure and dynamics of populations from closely related species with contrasting larval ecology. These may in turn prove important to define larval ecology drivers in speciation events related to the loss of planktotrophy (Oliverio 1996b), which has produced pairs of sibling species in many lineages of caenogastropods (e.g., Oliverio 1996a (e.g., Oliverio , 1997 Duda & Palumbi 1999) .
